sUMMaRy: We investigated the differences between size selectivity of a commercial codend (40 mm diamond mesh -40d), a larger mesh codend (48 mm diamond mesh -48d), and a square mesh codend (40 mm square mesh -40s) for Parapenaeus longirostris in international waters of the aegean sea. selectivity data were collected by using a covered codend method and analysed taking between-haul variation into account. The results indicate significant increases in l 50 values in relation to an increase in mesh size and when the square mesh is used in the commercial trawl codend. The results demonstrate that the commercially used codend (40d) is not selective enough for P. longirostris in terms of length at first maturity. Changing from a 40d to a 48d codend significantly improves selection, with an increase of about 15% in the l 50 values (carapace length 14.5 mm for 40d and 16.6 mm for 48d). similarly, 40 mm square mesh, which has recently been legislated for eU Mediterranean waters, showed a 12.4% higher mean l 50 value (16.3 mm) than 40 mm diamond mesh for this species. However, despite these improvements, the 48d and 40s codends still need further improvements to obtain higher selectivity closer to the length at first maturity (20 mm carapace length).
it generally lives on muddy or sandy-muddy bottoms on the upper slope at depths between 100 and 400 m (Holthuis, 1980) . differences in the size structure and sex ratio of P. longirostris have been related to depth (Relini et al., 1999; Rinelli et al., 2005; abelló et al., 2002) ; larger specimens are more abundant in deeper areas, where males are also predominate. although mature females are found in all seasons, reproduction starts in spring and the maximum percentage of mature females is in autumn and early winter (Relini et al., 1999) . individuals reach sexual maturity at 8 to 10 months at varying sizes, depending on the area (20 to 28 mm cephalothorax length in females), and have an average fecundity of 90000 eggs (sobrino et.al., 2005) .
P. longirostris is commercially caught by bottom trawls in the aegean sea. There is a 5-month seasonal closure for trawling in Turkish coastal waters (within 6 miles of the coast in the aegean sea) between april 15 and september 15 (anonymous, 2008) . For this reason, international waters of the aegean sea have become a popular fishing ground for many trawlers coming from the black sea and Mediterranean during the closed season (Tokaç et al., 2009) .
diamond-shaped mesh in trawl nets has a tendency to close during a tow due to certain internal and external effects (Robertson and stewart, 1988; Reeves et al., 1992) , which may cause an increase in by-catch. Recent studies have shown that selectivity of the trawl codends is rather poor for many commercially important species in Turkey (Tokaç et al., 1998 (Tokaç et al., , 2004 Tosunog %lu et al., 2007; Özbilgin et al., 2005) , and other Mediterranean areas (e.g., Petrakis and stergiou, 1997; stergiou et al., 1997; bahamon et al., 2006) . Therefore, many researchers have suggested increasing the mesh size and/or changing the mesh shape in the codend. Many studies outside the aegean sea have shown that an increase in mesh size and a change of mesh shape in the trawl codends reduce the number of juvenile P. longirostris caught (sobrino et al., 2000; guijarro and Massutí, 2006; Rinelli et al., 2005; Ragonese and bianchini, 2006) . in addition, the general Fisheries Commission for the Mediterranean (gFCM) has encouraged studies aimed at improving selectivity and reducing the discards of this fleet (gFCM 2007). The Council Regulation (eC no. 1967 Regulation (eC no. /2006 ) of the european Commission concerned with management measures for sustainable exploitation of fishery resources in the Mediterranean sea also requires eU countries that use towed nets, i.e. demersal trawls, to replace 40 mm diamond mesh with square mesh at the codend or, if the ship owner makes a justified request, with 50 mm diamond mesh. This same regulation establishes a Minimum landing size (Mls) of 20 mm carapace length (Cl) for this species. although there is no Mls for P. longirostris in Turkish Fisheries Regulations (anonymous, 2008 Regulations (anonymous, ), deval et al. (2006 and Tosunog %lu et al. (2007) reported a length at first maturity (lFM) of 21 mm in Turkish waters.
The main objective of this study was to investigate the differences between size selectivity of a commercial 40 mm diamond shaped mesh codend, a larger mesh codend of 48 mm diamond shaped, and a 40 mm square mesh codend for P. longirostris in the international waters of the aegean sea.
MaTeRials and MeTHods
selectivity experiments were conducted between august 1 and 15, 2005 on board the commercial trawler "niyazi Reis" (294 kW, loa 26.2 m) in the international waters of the aegean sea (Fig. 1) . The trawl was a typical commercial bottom trawl used by the demersal fishery at this fishing ground. Technical information on this gear (conventional bottom trawl with 900 meshes around the circumference of the mouth) is described in detail by Tokaç et al. (2005) . a total of 22 valid hauls were carried out at depths ranging from 146 to 264 m during daylight hours, and a towing duration of between 165 and 405 minutes. The towing speed ranged between 2.2 and 2.3 knots.
The selectivity of three codends made of knotted polyethylene (Pe) material was tested. The first codend was the commercially used 40 mm nominal mesh size diamond mesh codend (40d) with 300 meshes on its circumference (three seems of 100 mesh panels). a second codend was made of 48 mm diamond mesh (48d) netting with 275 meshes on its circumference. The stretched width of these two diamond mesh codends was kept constant, since this has proved to be a variable that can significantly affect selectivity (Robertson and Ferro, 1988; Reeves et al., 1992) . Finally, the third codend was made of 40 mm square mesh (40s) netting with 150 meshes on its circumference. all the codends had stretched lengths of approximately 5.5 m. They were attached to the end of the funnel, which was 300 meshes around the mouth, and made of 40 mm mesh size Pe netting. The mean mesh size of each codend was measured by using a caliper rule with a 4 kg weight tied vertically to the stationary jaw of the rule. a 10.2 m long, and 24 mm mesh size knotless Pa (polyamide) netting cover was used to collect the individuals that escaped. The cover was supported by two hoops (PvC Ø 1.9 m) to avoid the masking effect and to provide water flow between the codend and the cover. These hoops were mounted on the cover at distances of 2 and 5 meters from the attachment point at the end of the funnel.
after each haul, the catch was taken on board and sorted by species. Then, full or sub-samples of the target species from the codend and cover were taken and weighted separately. all specimens were then sorted by sex. if there were more than 150 individuals for each sex, carapace lengths (Cl) of a minimum of 150 specimens from the codend and cover were measured to the nearest mm (between the eye socket and the posterior margin of the carapace) by means of caliper rules. if the number of individuals was less than 150, they were all measured.
logistic selection curves for separate and combined sexes in each haul were obtained by fitting the logit function:
where r(l) is the retained proportion of length class l, given that it entered the codend (Wileman et al., 1996) , and ν=(ν 1 , ν 2 ) T is the vector of the selectivity parameters. The values of l 50 , l 25 and l 75 were estimated from the expressions:
selection Range (sR, difference between the 75% and 25% retention lengths) and selection Factor (sF) were estimated with the equations:
These parameters were calculated with CC 2000 software (Constat, 1995) . Mean selectivity curves for separate and combined sexes in each haul were estimated taking into account the between haul variation of the selectivity parameters ν 1 and ν 2 according to Fryer (1991) . eCModeller software (Constat, 1995) was used for this analysis. The between haul variation model (Fryer, 1991) was also used for modelling the selectivity data. This analysis was initially carried out to detect the affect of the sex on the selection parameters. as the results showed that sex did not significantly affect them (p>0.05), the rest of the modelling was carried out with combined sex data from each haul. With these data we tested the effect of mesh size, mesh configuration, catch size and haul duration on selection parameters. except for mesh configuration, which was adjusted as two level factors, all the other variables were adjusted as continuous. The model that best fitted the data was chosen according to the lowest value of akaike's information Criterion-aiC (Fryer and shepherd, 1996) .
ResUlTs
The mean values of 60 mesh measurements of each codend were: 42.2 mm (se. 0.20) for the 40d codend, 48.6 mm (se. 0.15) for the 48d codend, and 42.9 mm (se. 0.21) for the 40s codend. all of the 22 valid hauls were used in the individual haul analysis: 10 hauls for 40d, 8 hauls for 48d and 4 hauls for 40s. For all the codends, total catch, 5182.5 kg, was composed of more than 50 species of fish, cephalopods and crustaceans. P. longirostris was the dominant species constituting about 25% of the total catch by weight. For this species, quantity of catch per hour in each codend varied between 15 and 17 kg. in total, 100836 females and 104129 males were estimated to enter the codends, and a female male ratio of 1:1.03 was calculated. in general, female individuals in the catch composition were slightly larger than males ( Table 1) .
The Cl of the specimens caught in the codends ranged from 7 to 37 mm for combined sexes. length frequency distributions were multi-modal, with major peaks at about 22 and 26 mm Cl (corresponding to males and females respectively) and minor peaks at about 15 and 16 mm (corresponding to males and females respectively) (Fig. 2) . Proportions of P. longirostris retained in the codends were 0.96 (se. 0.00), 0.88 (se. 0.02), and 0.94 (se. 0.01) in terms of weight, and 0.91 (se. 0.01), 0.78 (se. 0.02), and 0.83 (se. 0.02) in terms of numbers for 40d, 48d, and 40s respectively. it stands out that, in terms of weight, the commercially used 40d has 0.08 and 0.03 higher retention ratios than 48d and 40s respectively.
The results of the selectivity parameter estimates, and number of specimens in the codend and cover for combined sex, only male, and only female P. longirostris are presented in Table 1 (Fig. 3) .
The model which best described the data was: where (m i ) mesh size, (t i ) mesh configuration and α is the vector that determines the direction and magnitude of the influence of the explanatory variables on the selectivity parameters (l 50 and sR). The results of the alpha parameter estimates are given in Table 2 along with their standard deviations and t-values. l 50 and sR values are significantly affected by the mesh configuration and mesh size (p<0.05), while catch size and haul duration do not have a significant effect on these values (p>0.05). increasing mesh size from 40 to 48 mm significantly increases both the l 50 and sR values (p=0.000). similarly, changing from the diamond to square mesh configuration increases the l 50 (p=0.000), and reduces the sR value (p=0.032).
disCUssion
The results of this work indicate that the commercially used 40 mm mesh size Pe codend (40 d) is not selective enough to release immature specimens of rose shrimp in the aegean sea. studies that tested similar mesh size diamond codends in the Mediterranean and adjacent waters generally report similar conclusions (Table 3 ). However, due to the differences in gear constructions, twine thickness, materials used, and fishing grounds, the results of most of these studies are not strictly comparable to those found in the present work (Tokaç et al., 2009) . For example, the twine diameter of the codends tested in the present study (1.3 mm) is much thinner than that used by greek, italian, and spanish trawlers, and sala et al. (2008) demonstrate that this characteristic of codend netting significantly influences selectivity. nevertheless, Tokaç et al. (2009) found a slightly lower l 50 value (12.7 mm) using the same codend. This difference might have been caused by the variation in fishing depth and population size structure.
Using a larger mesh size in the codend has been reported to result in an increase in l 50 values for rose shrimp (see Ragonese and bianchini, (2006) for review, and Table 3 ). a shift from 40d to 48d codends in the present study significantly improved selectivity of rose shrimp with an increase of about 15% in the l 50 values, while the selection Factors (sF) remained the same (0.34) for both codends. However, the sF of these codends is about 10% lower than the average sF (0.38) of the recently published selectivity studies, which tested diamond codends of between 36 and 55 mm mesh size (Table 3) . a Changing the mesh configuration from diamondto square-shaped in the codend significantly improves the selectivity. The results of the square mesh codend (40s) in the present study show a mean l 50 value that is about 12.4% higher than that of the commercial codend (40d) for this species. by changing the mesh configuration, similar improvements in codend selection were also reported by Campos et al. (2002) for 55 mm mesh size and by guijarro and Massutí (2006) and sala et al. (2008) for 40 mm mesh size (Table 3 ).
both alternative codends tested in the present study have shown to improve selectivity of rose shrimp. However, neither of these modifications is sufficient for achieving sustainable exploitation of this shrimp stock. There is no Mls defined for this species in the Turkish Fisheries Regulations (anonymous, 2008); however, its length at first maturity is known to be 20 mm (Meriem et al., 2001) , and in the eU countries around the Mediterranean sea this species has an Mls of 20 mm Cl (eC Reg. 1967 Reg. /2006 . Therefore, using any of the three codends tested in the present study will tend to reduce the spawning potential of the stock. sala et al. (2008) also stated this for 40d and 40s codends. Therefore, as tested by Campos et al. (2002) , enforcement of a larger mesh size, which would assure that the mesh opens to an established size during trawling, is essential for immature specimens to be released. nevertheless, it has to be taken into account that demersal trawling in the Mediterranean has a multi-species character, with more than 50 species caught in the gear (Petrakis and stergiou, 1997). Thus, any effort to release immature shrimps in this mixed fishery is likely to cause loss of marketable sizes of many other species (Tokaç et al., 2009) . The authors of the present study therefore recommend future research to focus not only on size but also species selectivity. aCknoWledgeMenTs
